Aims The onset of fulminant type 1 diabetes mellitus is sometimes accompanied by sudden death or cardiac arrest. The aim of this study was to determine the risk factors for the development of these conditions at the onset of fulminant type 1 diabetes mellitus. Methods We conducted a search of the literature on fulminant type 1 diabetes and sudden death or cardiac arrest published up to 2012 in PubMed and Ichushi (a Japanese article database), and a questionnaire survey was administered to the authors of the articles and to diabetes specialists affiliated to the Japan Diabetes Society. We analyzed the clinical data at disease onset of 17 patients with fulminant type 1 diabetes mellitus who experienced sudden death or cardiac arrest, and those of 257 patients who did not develop these conditions. Results Patients with sudden death or cardiac arrest were younger, had a higher rate of impaired consciousness, more severe acidosis, hyperglycemia, hyponatremia, hyperkalemia, and hypochloremia, a higher serum blood urea nitrogen level, a higher serum creatinine level, and a higher plasma osmolality level than the other patients. In multiple logistic regression analyses, plasma glucose level was positively associated with sudden death or cardiac arrest. Receiver operating characteristic curve analyses showed that patients with a plasma glucose level over 1000 mg/dl (55.5 mmol/l) were at a high risk of cardiac arrest. Conclusions Severe metabolic derangement, especially a high plasma glucose level, is associated with sudden death or cardiac arrest at the onset of fulminant type 1 diabetes mellitus.
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Introduction
The two major subtypes of diabetes mellitus are type 1 and type 2 diabetes mellitus. Type 1 diabetes mellitus is characterized by the loss of more than 80 % of insulin-secreting beta cells [1] . In type 1A diabetes, which is a major form of type 1 diabetes mellitus, pancreatic beta cells are thought to be progressively destroyed over several months or even several years. Islet-related autoantibodies have been observed in patients' sera before the onset of hyperglycemia. Although hyperglycemic symptoms accompanying diabetic ketosis or ketoacidosis appear more suddenly in type 1 diabetes than in type 2 diabetes, hyperglycemia itself progresses gradually. The Diabetes Prevention Trial of Type 1 (DPT-1) revealed that postprandial hyperglycemia appeared first, followed by fasting hyperglycemia, in autoantibody-positive first-or seconddegree relatives of type 1A diabetes patients [2] . The elevated level of HbA 1c at the onset of overt type 1A diabetes also suggests that hyperglycemia continues for a certain period before the development of hyperglycemic symptoms [3] . Fulminant type 1 diabetes mellitus (FT1DM) is a severe subtype of type 1 diabetes [3, 4] . It is commonly observed in East Asia, where it accounts for approximately 20 % of acute-onset type 1 diabetes cases in Japan [4] and 7.1 % of all type 1 diabetes cases in Korea [5] . The essential characteristic of FT1DM is severe insulin insufficiency based on almost complete destruction of pancreatic beta cells, even at clinical onset [6] . Based on this unique characteristic, FT1DM patients can easily undergo a severe clinical course, especially at onset. In fact, almost all patients with FT1DM also show ketoacidosis at disease onset [3] . At the onset of FT1DM, plasma glucose (PG) levels can be as high as 800 mg/dl, but HbA 1c levels can be as low as 7.0 % on average, demonstrating the rapid progression and short duration of hyperglycemia. Sekine et al. reported that the PG level of a FT1DM patient suddenly increased from within the normal range to over 1000 mg/dl, and that the serum C peptide level decreased from approximately 1 ng/ dl to an undetectable level in a day [7] .
Moreover, there have been several reports of FT1DM patients with particularly severe clinical courses [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] . In such patients, many complications, such as cardiac disorders (including T-wave inversion, atrial fibrillation, acute myocarditis, cardiac arrest [8] [9] [10] [11] [12] [13] [14] [16] [17] [18] [19] [20] [21] ), acute renal failure [22] , rhabdomyolysis [22] , hypersensitivity syndrome [7] , and even sudden death [15, [23] [24] [25] , have been reported at the onset of FT1DM. It is important to predict and avoid such life-threatening situations. Therefore, we undertook this study to identify the risk factors for sudden death or cardiac arrest at the onset of FT1DM.
Methods
A literature search by the key words of ''fulminant,'' ''diabetes,'' ''arrest,'' and/or ''death'' was conducted in PubMed and Ichushi (a Japanese article database) to identify articles published up to 2012 that described patients who developed sudden death or cardiac arrest at the onset of FT1DM, and a questionnaire survey was administered to the authors of the articles. We excluded one autopsy case which was complicated by Reye syndrome [26] , and one case of death after caesarean section [27] , and analyzed 17 patients with FT1DM who had been described. Five of the patients had been found dead at home and 12 patients had experienced a cardiac arrest before or after they visited the hospital. Ten of these 12 patients went into cardiac arrest on the same day they visited the hospital. One patient went into cardiac arrest before visiting the hospital, one went into cardiac arrest in the ambulance, and the other eight patients went into cardiac arrest soon after arriving at the hospital. Regarding the other two patients, one visited a clinic for thirst and fatigue and was diagnosed with a cold. The next day, she had trouble breathing, called an ambulance, and went into cardiac arrest in the ambulance. The other patient visited a clinic for thirst, upper abdominal pain, and vomiting and was diagnosed with acute gastroenteritis. Two days later, he presented with restlessness and visited the emergency room, where he went into cardiac arrest. Among the 12 patients, five patients died despite cardiopulmonary resuscitation. An autopsy was performed in these ten dead patients.
To collect control cases, we administered a nationwide questionnaire survey to diabetes specialists affiliated to the Japan Diabetes Society, and asked them whether they had experienced FT1DM cases without sudden death or cardiac arrest until 2012. We recruited the resulting 257 patients as controls. The questionnaire included information on subjective symptoms, body size measurements, blood, and urine examinations of the FT1DM patients on the day of the hospital visit or on admission. Diagnosis of FT1DM was provided by the attending physician based on the following criteria, which are based on the Report of the Japan Diabetes Society Committee on Type 1 Diabetes Mellitus Research: (1) ketosis or ketoacidosis within 1 week after the onset of hyperglycemic symptoms; (2) urinary C-peptide below 10 lg/day or fasting serum C-peptide below 0.3 ng/ml and serum C-peptide below 0.5 ng/ml after glucagon injection or meal load soon after the onset of disease; and (3) PG level above 288 mg/dl and HbA 1c below 8.7 % at the first visit [28] . The contents of the questionnaire used to collect the data on FT1DM patients with sudden death or cardiac arrest and the corresponding data on the control patients were same. All data on the clinical and biological characteristics of the subjects were collected at the initial visit, except in the cases of sudden death. The laboratory data on patients with sudden death were excluded because of the possibility of postmortem biological changes (except for HbA 1c , which is reported to be stable in postmortem blood [24, 29] ).
The value of HbA 1c (%) was estimated as a National Glycohemoglobin Standardization Program (NGSP) equivalent value (%), which was calculated by the following formula: HbA 1c (%) = 1.019 9 HbA 1c (JDS) (%) ? 0.3 %, considering the relational expression of HbA 1c (JDS) (%) measured by the previous Japanese standard substance and measurement methods and HbA 1c (NGSP) [30] . The value of plasma osmolality (Posm) was calculated by the following formula: Posm = 2 9 [sodium (Na, meq/l) ? potassium (K, meq/l)] ? PG (mg/dl)/ 18 ? blood urea nitrogen (BUN, mg/dl)/2.8.
Statistical analyses were performed with the Windowsbased SPSS software (version 22, IBM Co., Armonk, NY, USA). Values are expressed as the median and the interquartile range. The Mann-Whitney U test and Pearson's chi square test were conducted to determine the difference between FT1DM patients who experienced sudden death/cardiac arrest and other FT1DM patients. Single and multiple logistic regression analyses were applied to examine the relationships between sudden death/cardiac arrest and other factors: age, drowsiness, PG, pH, Na, K, chloride (Cl), BUN, creatinine (Cr), and Posm levels. Receiver operating characteristic (ROC) analyses were conducted to identify the optimal PG cutoff value for predicting cardiac arrest using the Youden index. Statistical significance was determined at p \ 0.05.
The Ethical Committees of the Japan Diabetes Society and Osaka University Hospital approved this study. All procedures followed were in accordance with the Helsinki Declaration of 1964 and later revisions.
Results

Clinical courses of FT1DM cases with sudden death or cardiac arrest
We identified 17 reported cases [8-12, 14-20, 23-25] of FT1DM associated with sudden death or cardiac arrest at the onset of the disease. Five patients were found dead and the pathological examination of their pancreata by autopsy revealed the complete loss of pancreatic beta cells, which was compatible with FT1DM. In the other 12 patients who suffered a cardiac arrest, cardiopulmonary resuscitation was performed, but five could not be rescued. Autopsies were performed in these ten dead patients, and we confirmed that seven of them did not show viral myocarditis, structural heart disease, or thrombosis. We also confirmed that four of them did not show encephalitis. There were no descriptions of heart or brain lesions in the autopsy reports for the other cases.
Clinical and biological characteristics
Clinical and biological characteristics of the subjects are shown in Table 1 . There were no differences between the two groups regarding sex, BMI, duration, family history, pregnancy, thirst, flu-like symptoms, and abdominal symptoms. Patients who experienced sudden death or cardiac arrest were younger (aged 29 vs 40 years) and showed a higher rate of drowsiness (100 vs 40. Fig. 1a-j . Levels of HbA 1c , urinary C peptide reactivity (CPR), fasting serum CPR, aspartate aminotransferase (AST), alanine aminotransferase (ALT), creatinine phosphokinase (CPK), and anti-GAD antibody were not significantly different between the two groups. The electrocardiogram examined before cardiac arrest showed ventricular tachycardia in three patients, ST elevation in two patients, pulseless electrical activity in one patient, and ventricular flutter in one patient. Coronary angiography was performed for all patients with ST elevation, but no patients showed structural heart disease.
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Single and multiple logistic regression analysis
The results of single logistic regression analysis are shown in Table 2 . The levels of PG, K, and BUN were positively associated with sudden death or cardiac arrest. Patients with K C 6.0 meq/l were at a higher risk of sudden death or cardiac arrest than those with lower levels of K. Age, pH, Na, and Cl were negatively associated with sudden death or cardiac arrest. In multiple logistic regression analysis, the PG level was positively associated with sudden death or cardiac arrest [odds ratio, 1.003 (95 % CI, 1.001-1.005); p = 0.004].
ROC analysis
As PG level was measured in all cases at the onset of FT1DM, ROC analyses were conducted to identify the optimal PG cutoff value for predicting cardiac arrest. The ROC curve for PG level was created by plotting the range of sensitivity and specificity pairs for cardiac arrest (Fig. 2) . The area under the curve was 0.852 (p = 0.000). According to the Youden index, the optimal PG cutoff value was 1197 mg/dl (sensitivity 0.833 and specificity 0.840). A level of PG over 1000 mg/dl (55.5 mmol/l) was found to have the same high sensitivity for cardiac arrest Italicized numbers in parentheses are the total number of cases with data available Duration is the time between the onset of hyperglycemia symptoms and the first visit
Days before cardiac arrest is the time between the first visit and cardiac arrest Pregnancy data refer to female patients 13-49 years old who had type 1 diabetes during or after pregnancy a Mann-Whitney U test and Pearson's chi square test, with significance assumed when p \ 0.05 (sensitivity 0.833 and specificity 0.732). In this study, 80 FT1DM patients presented with a PG level of over 1000 mg/dl, and ten of them (12.5 %) went into cardiac arrest.
Discussion
In this study, we analyzed and compared the patients who developed FT1DM with and without sudden death or cardiac arrest to identify the risk factors for these conditions at the onset of FT1DM. Patients with sudden death or cardiac arrest were younger than the others, had a higher rate of impaired consciousness, and had more severe acidosis, hyperglycemia, hyponatremia, hyperkalemia, and hypochloremia, a higher serum BUN level, a higher serum creatinine level, and a higher Posm level, indicating the existence of severe metabolic derangement. Based on these results, it was speculated that the severe metabolic disorder itself was the main cause of sudden death and cardiac arrest at the onset of FT1DM. In particular, the PG level, which was measured in all patients at the onset of FT1DM, was positively associated with the development of sudden death and cardiac arrest. The ROC curve showed that the optimal PG cutoff value for predicting cardiac arrest was 1197 mg/ dl (sensitivity 0.833 and specificity 0.840). The easily comprehensible value of 1000 mg/dl (55.5 mmol/l) had the same sensitivity for cardiac arrest (sensitivity 0.833 and specificity 0.732). Therefore, the findings suggest that patients with a PG level of over 1000 mg/dl (55.5 mmol/l) are at high risk of cardiac arrest; indeed, 12.5 % of those patients went into cardiac arrest in this study. According to the results of the autopsy and blood examinations of the patients who experienced sudden death or cardiac arrest, the only abnormal finding was the loss of pancreatic beta cells. The involvement of viral infections such as human herpesvirus 6 [31] , herpes simplex virus [32] , coxsackie B 3 virus [33] , influenza B virus [34] , and cytomegalovirus [35] in the pathogenesis of FT1DM has been reported. Further, mice that develop encephalomyocarditis (EMC)-virus-induced diabetes have been used in a mouse model of human FT1DM [36] . However, none of the patients who experienced sudden death or cardiac arrest had viral myocarditis or encephalitis in this study, or in other reports [11, 14, 15, 19, 20, [23] [24] [25] . Furthermore, none of them showed any sign of structural heart disease that could be linked to sudden death or cardiac arrest. Therefore, severe metabolic derangement still seems to be the main cause of sudden death and cardiac arrest at the onset of FT1DM. This is the first study to focus on and clarify the risk factors for sudden death and cardiac arrest at the onset of FT1DM. Although the precise mechanism of sudden death and cardiac arrest due to severe metabolic derangement is still unknown, to comprehend the severity of metabolic derangement on seeing patients who develop FT1DM will bring more information to solve this problem. A limitation of this study was that the number of the patients who experienced cardiac arrest or sudden death was small; hence, the data might be insufficient for multiple analyses. To confirm our results, we recommend that more patients are accumulated and assessed in the future.
In conclusion, we found that metabolic derangements were associated with sudden death and cardiac arrest at the onset of FT1DM. When clinicians are faced with patients who develop FT1DM, it is important to focus on metabolic markers such as PG, pH, Na, K, Cl, BUN, Cr, and Posm. In particular, patients with an extraordinary high PG level [over 1000 mg/dl (55.5 mmol/l)] may need to be more careful and seek treatment to avoid sudden death or cardiac arrest. Human rights statement and informed consent All procedures followed were in accordance with the ethical standards of the responsible committee on human experimentation (institutional and national) and with the Helsinki Declaration of 1964 and later versions. Informed consent or a substitute for it was obtained from all patients before they were included in the study. Fig. 2 Receiver operating characteristic curve of the plasma glucose cutoff value for predicting cardiac arrest. The area under the curve is 0.852 (p = 0.000). The optimal plasma glucose cutoff value is 1197 mg/dl (sensitivity 0.833 and specificity 0.840) 
